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The PHENIX experiment at RHIC has been carried out to investigate the properties of QGP. 
Di-electron yields in p+p and Au+Au collisions have been measured. An enhancement of 
the yield over a hadronic cocktail calculation is clearly seen for pr < 1.0 GeV/c and 150 < 
TTiee < 750 MeV/c in Au+Au collisions, while the result in p+p collisions is consistent with 
the calculation. The fraction of the virtual direct photon component to the di-electron yield 
is measured from a shape analysis using the di-electron mass distributions for 1.0 < pt < 
5.0 GeV/c and rriee < 300 MeV/c^, and the real direct photon spectra are deduced from the 
fractions obtained for p+p and Au+Au collisions. An excess of the direct photon yield above a 
binary-scaled p+p result is seen in Au+Au collisions. The excess is fitted with an exponential 
function with an inverse slope parameter of 221 ±23+18 MeV. 



1 Introduction 



The Quark Gluon Plasma (QGP) is a de-confined phase of a strongly-interacting matter. The 
lattice QCD calculation predicts a phase transition from a hadronic phase to QGP at a critical 
temperature of 150 ~ 200 MeV. The study of QGP is very important since it gives not only new 
insights and intimate understanding of the strong interaction but also the understanding of the 
early universe at several /is after the Big Bang. 

Heavy ion cohision provides a unique tool to investigate the properties of QGP. A lot of very 
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exciting results such as large energy loss of light quarks, gluons ^ and heavy quarks and the 
strong elliptic flow for various particles has been reported for ^/snn = 200 GeV Au+Au 
collisions at Relativistic Heavy Ion Collider (RHIC). These experimental facts indicate that the 
created matter has high-density and is rapidly-thermalized. 

Di-leptons and direct photons are important probes to study QGP. They are emitted through 
all the stages of the collisions, and penetrate the strongly-interacting matter. Therefore they 
carry the thermodynamic information of the created matter directly. This paper focuses on 



di-electron production in the low mass region below 1 GeV/c^ and covers the following two 
topics. The first topic is the measurement of the di-electron yield in the \ow-pT region, which is 
considered to be an optimal window for detecting thermal qq and vrvr annihilations. The second 
one is the measurement of the direct photon yield with the virtual photon method (7* — > e^e~). 
Thermal photons from QGP are considered to be a primary contributor in 1.0 < pT < 5.0 GeV/c 
at RHIC energyl^l. 

2 Low-mass Low-p^ Di-electron Continuum 

The e+e~ pair yield was measured in p+p and Au+Au collisions at PHENIX and hadron 
decay components were estimated using a hadronic cocktail calculation which incorporated the 
measured yields of the mesons for both p+p and Au+Au collisions'^. The left and right panels 
in Fig.[T]show the invariant mass spectra in p+p and Au+Au collisions compared to the hadronic 
cocktail calculations. The symbols and lines indicate the real data and the cocktail calculations, 
respectively. While the real data is in excellent agreement with the cocktail calculation in p+p 
collisions, a large enhancement over the calculation is clearly seen in 150 < mee < 750 MeV/c^ 
in Au+Au collisions. The ratio of the integrated yield in 150 < rriee < 750 MeV/c^ between 
the real and the cocktail calculation is 3.4±0.2(stat)±1.3(sys)±0.7(model). This enhancement 
is prominent in pT < 1.0 GeV/c^. 
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Figure 1: Invariant mass spectrum for p+p (left) and Au+Au (right) collisions compared to the hadronic cocktail 

calculations. 



3 Low pt Direct Photon 

In general, any source of real photons can emit virtual photons which convert to low mass e'''e~ 
pairs. A direct photon production process such asq + g^g + j has an associated process that 
produces low mass e^e~ pairs, i.e. (7 + 5— > 5 + 7*^ q + e~^e~ . The relation between the photon 
production and the associated e'''e~ pair production is expressed by the Kroll-Wada formula, 
Eq. #1. 

£nee ^ 2a 1 I 4m2 / ^ 2m^\ 

where a is the fine structure constant, me and mge are the masses of the electron and the e"'"e~ 
pair, respectively, and S" is a process dependent factor. 

In the case of hadrons such as vr'^ and r] Dalitz decays, S is given as S = |F(mgg)p ( 1 
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where F denotes the form factor and M^adron is the mass of the parent hadron. The S factor 



is zero for rriee > Mhadron- On the other hand, the S factor becomes unity for rriee *C Pt in 
the case of virtual direct photon. Therefore it wih be possible to extract the virtual direct pho- 
ton component from the e^e~ pair mass spectra by utilizing the difference in e+e~ pair mass 
dependence of the S factor. 
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Figure 2: The left and center panels show the invariant mass spectra in p+p and Au+Au collisions for several 
Pt bins compared to the cocktail calculations. The right panel shows the mass spectrum in Au+Au collisions for 

1.0 <pt < 1.5 GeV/c together with a fit resuh by Eq.[2l 

An enhancement of the e'^'e" pair yield for Au+Au collisions is clearly visible in the px 
region above 1 GeV/c and the mass region of 100 < rriee < 300 MeV/c^ as shown in the center 
panel of Fig. [2j We would like to emphasize that a small excess over the cocktail is also observed 
for p+p collisions in the high px region as shown in the left panel of Fig. [5J 

The following function is used for fitting the data to determine the fraction of the virtual 
direct photon component in the mass spectrum. 

fimee) = (1 - r) • fcocktailimee) + r ■ fdirect{mee) , (2) 

where f cocktail is the mass distribution from the decay of neutral hadrons estimated using the 
cocktail calculation and f direct is that from the virtual direct photon decays, and r is the virtual 
direct photon fraction. Assuming that this excess comes from virtual direct photons, the fit to 
the result for Au+Au collisions in 1.0 < pr < 1.5 GeV/c gives /NDF = 13.8/10. On the 
other hand, assuming that this excess comes from r/, i.e. fni'mee) is used in place of fdirectinT-ee), 
the fit gives 'x^ /NDF = 21.1/10. The result favors the virtual direct photons. It is also to be 
noted that ascribing this enhancement to rj requires anomalous r/ enhancement, which seems 
very unlikely. 

Figure [3] shows the obtained fractions of the virtual direct photon component as a function 
of Pt in p+p and Au+Au collisions. The symbols show the result and the lines are the expecta- 
tions from next-to-leading-order perturbative QCD (NLO pQCD) calculations^ with different 
theoretical scales. A clear excess above the NLO pQCD calculation is seen in Au+Au collisions 
while the result in p+p collisions is consistent with the NLO pQCD calculation. 

Finally, the real direct photon yield is obtained by multiplying the inclusive photon yield to 
the virtual direct photon fraction. Figure [4] shows the direct photon spectra in p+p and Au+Au 
collisions. This is the first time that the direct photon production in p+p collisions has been 
measured in 1.0 < < 4.0 GeV/c. The result in p+p collisions is well described by a modified 
power law function as shown by the dashed curve. The obtained yield in Au+Au collisions 
is above the A'^con-scaled p+p fitted curve in the low pT region, where NcoU is the number of 
collisions Fitting the result for Au+Au central collision with an exponential plus the A'^^oirscaled 
p+p fitted curve provides the inverse slope parameter of 221 ±23 + 18 MeV^^. Comparing to 
available theoretical models gives a handle on the initial temperature that ranges from 300 to 
600 MeV with tq ~0.6-0.15 fm/c. Implications of the results are under various investigations. 




Figure 3: The obtained fractions of the virtual direct photon component as a function of pr in p+p (left) and 

Au+Au (right) collisions. 
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Figure 4: The direct photon spectra in p+p and Au+Au collisions as a function of pr. 
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